When deciding whether or not to regulate a chemical, regulatory bodies often evaluate the degree to which the public may be exposed by evaluating the chemical's occurrence in food and drinking water. As part of its decision-making process, the United States Environmental Protection Agency (USEPA) evaluated the occurrence of perchlorate in public drinking water by sampling public water systems (PWSs) as part of the first implementation of the Unregulated Contaminant Monitoring Rule (UCMR 1) between 2001 and 2005. The objective of this paper is to evaluate the current representativeness of the UCMR 1 dataset. To achieve this objective, publicly available sources were searched to obtain updated perchlorate data for the majority of large PWSs with perchlorate detections under UCMR 1. Comparison of the updated and UCMR 1 perchlorate datasets shows that the UCMR 1 dataset is no longer representative because the extent and degree of occurrence has decreased since implementation of UCMR 1. Given this finding, it seems appropriate for regulatory bodies engaged in decision-making processes over several years to periodically re-evaluate the conditions that prompted the regulatory effort, thereby ensuring that rules and regulations address actual conditions of concern.
INTRODUCTION

Perchlorate (ClO 4
À ) has been detected in the environment as a result of both anthropogenic and natural sources. Perchlorate commonly occurs as one of the following salts:
ammonium perchlorate (NH 3 ClO 4 ), potassium perchlorate (KClO 4 ), and sodium perchlorate (NaClO 4 ). Ammonium perchlorate has been used as the primary oxidant in solid rocket propellants and explosives for several decades. Potassium and sodium perchlorate have also been used in a variety of explosives and other military applications. In addition to industrial sources, some consumer products contain perchlorate, including fireworks, flares, matches, and chlorine bleach (ITRC ).
Aside from perchlorate from anthropogenic sources, naturally-occurring perchlorate has also been detected in Agence Nationale de Sécurité Sanitaire Alimentation Environnement Travail ; Nawaz ). The presence of perchlorate in the environment is of concern because perchlorate can inhibit iodine uptake by the thyroid, thereby affecting thyroid function (NRC ).
As a consequence of perchlorate detections and concerns about potential human health effects, various government agencies have considered regulating perchlorate. As part of these regulatory decision-making processes, studies have been conducted to assess the degree to which the public may be exposed to perchlorate by evaluating the occurrence of perchlorate in food and/or drinking water. For example, occurrence studies have been conducted in Europe (Bundesinstitut für Risikobewertung ; Nawaz ; Arcella et al.
)
. This paper focuses on the dataset from one such perchlorate occurrence study conducted in the United States.
PERCHLORATE OCCURRENCE IN THE UNITED STATES AND THE SAFE DRINKING WATER ACT
To regulate a contaminant that may be present in drinking water under the Safe Drinking Water Act (SDWA), one of the considerations is the degree to which the contaminant occurs in drinking water. To assess the degree to which a contaminant is present in drinking water in the United
States, on September 17, 1999, the United States Environmental Protection Agency (USEPA) promulgated the
Unregulated Contaminant Monitoring Rule (UCMR) for
Public Water Systems (PWSs) pursuant to the SDWA, as amended in 1996 (64 Fed Reg. 50556, September 17, 1999 . The UCMR required all large community and nontransient non-community water systems serving more than 10,000 persons and 800 representative small systems serving 10,000 or fewer persons to monitor for contaminants selected from the USEPA's Contaminant Candidate List (CCL) developed in 1998. Generated data would be used to evaluate and prioritize contaminants on the CCL, support determinations to regulate contaminants, and support the development of drinking water regulations. The first implementation of the UCMR became known as UCMR and CalEPA DTSC ()).
• 
UCMR 1 DRINKING WATER SAMPLING METHODS, RESULTS, AND PREVIOUS REVIEWS
Under UCMR 1, PWSs with surface water sources were to be sampled quarterly over a one-year period and PWSs with groundwater sources were to be sampled semi-annually over a one-year period. Actual sampling practices varied considerably, with significantly larger numbers of samples collected for some PWSs than for other PWSs (Brandhuber
UCMR 1 sampling results for the 152 large PWSs using median, 90th percentile, and maximum perchlorate concentrations, the same summary statistics used by previous researchers such as AWWA (), are listed in Table 3 .
(Consistent with previous researchers evaluating the UCMR 1 dataset (e.g., Brandhuber et al. ), non-detects were set to half the detection limit, 2 μg/L). Figure 1 shows the distribution of UCMR 1 perchlorate concentrations and the 2005 US population potentially exposed to perchlorate, respectively, using the same percentiles as Table 3 .
Additional UCMR 1 summary statistics are as follows:
• • Perchlorate concentrations ranged from a minimum of 4 μg/L (the MRL at the time of UCMR 1 implementation)
to a maximum of 420 μg/L.
• The frequency of perchlorate detection for a given PWS ranged from 0.61% (1 detection out of 162 samples, e.g., Public Water System Identification Code (PWSID)
CA3310001-Coachella Valley Water District (VWD):
Cove Community) to 100% (8 detections out of 8 samples, e.g., PWSID NV0000289 -Southern Nevada Water System). • 85% of the 152 large PWSs exhibiting a frequency of detection of less than 35%.
• Of the 152 large PWSs with perchlorate detections, almost 50% (73 PWSs) had only one perchlorate detection (i.e., the remaining samples for the PWS were nondetect).
PWSs Previous reviewers have reported on the occurrence of perchlorate in drinking water in the United States. Previous publications are summarized in Table 2 . As Table 2 shows, previous researchers focused on two issues: (1) interpretation of UCMR 1 data as well as data from more limited contemporaneous studies; and (2) estimation of costs associated with drinking water treatment to meet potential regulatory thresholds. The previous reviews listed in Table 2 differ from the present review in that they do not focus on the representativeness of the UCMR 1 perchlorate occurrence dataset and do not present an updated perchlorate occurrence dataset.
DEVELOPMENT OF AN UPDATED PERCHLORATE DRINKING WATER OCCURRENCE DATASET
Consideration of the changes in conditions listed above suggests that the UCMR 1 perchlorate dataset may no longer be representative of perchlorate occurrence in the United States. Given the potential for changes in perchlorate concentrations since UCMR 1, the objective of this review is to assess the current representativeness of the PWSs -Public Water Systems.
UCMR 1 -Unregulated Contaminant Monitoring Rule 1.
• UCMR 1 sampling of large PWSs was comprehensive.
Unlike small PWSs, all large PWSs were sampled under UCMR 1. Therefore, the 152 large PWSs with perchlorate detections, approximately 5% of all large PWSs, constitute the entire population of large PWSs with perchlorate detections under UCMR 1.
• • Altogether, large PWSs provide drinking water for and thus are representative of potential exposure for approximately 77% of the US population (USEPA Safe Drinking
Water Information System (SDWIS) ). CCRs are also to include the telephone number of the PWS 
DATA QUALITY CONSIDERATIONS
Since the authors rely on data provided by others, further clarification regarding data quality is in order. As noted above, PWSs report data in CCRs in compliance with
USEPA's Consumer Confidence Report Rule requiring
PWSs to provide accurate information concerning drinking water quality in compliance with 'right-to-know' requirements of the SDWA. Given the reporting requirements of the SDWA, it is reasonable to infer that perchlorate data provided by PWSs to consumers by other means (e.g., PWS websites and news outlets) are also accurate. Similarly, it is also reasonable to infer that perchlorate data provided by PWSs directly to the authors are accurate. For these reasons, the data obtained were judged to be accurate at the time of reporting and reliable for the purpose of this review.
As reported by AWWA (), PWS distribution systems can be complex, particularly for large PWSs, with multiple sources of water, distribution system entry points, and treatment facilities. As a result, individual samples collected from specific points and times may not be fully representative of the quality of water served to all consumers at all times.
However, such a limitation necessarily applies to all available perchlorate occurrence datasets, including the UCMR 1 perchlorate occurrence dataset.
The number of sample results from each PWS under In the case of 4 PWSs that were contacted, although they did not provide updated perchlorate data, they did provide contemporaneous interpretations of UCMR 1 perchlorate data, indicating that perchlorate detections were judged at the time of UCMR 1 to be unrepresentative.
RESULTS
Of
These PWSs emphasized considerations such as the pattern of an initial perchlorate detection followed by non-detects, the lack of an identified perchlorate source, and the inability to confirm detections using a different laboratory to support their judgment that the detections were false.
Reports of false detections in the UCMR 1 dataset obtained from PWSs is consistent with AWWA (). Aside from analytical considerations such as these, publicly available sources of information indicate that some PWS operators reported that system components (e.g., wells or water tanks) were identified to be sources of perchlorate in the PWS and removed from service. Treatment was also implemented by one PWS. The following instances were identified:
• City of Levelland, Texas (PWSID TX1100002). As reported on a local news website (KCBD ), an above-ground storage tank was identified as the source of perchlorate in City of Levelland drinking water and was removed from service. Upon re-testing, perchlorate was not detected.
• • Oconee County, Georgia (PWSID GA2190000). Perchlorate was detected in water from one of six wells sampled. Subsequent to the perchlorate detection, the well in which perchlorate was detected was removed Table 4 summarizes the updated perchlorate occurrence dataset by classifying the updated perchlorate concentrations using the same concentration categories used in Table 3 (with the addition of the non-detect category). with Figures 2-4 shows that, for those 94 large PWSs with updated perchlorate data, the geographic extent of perchlorate detections using the updated perchlorate dataset is less than that using the maximum, 90th
percentile, and median concentrations from the UCMR 1 dataset.
DISCUSSION
This review has resulted in the development of an updated perchlorate occurrence dataset for 94 of the 152 large • Perchlorate concentrations in most large PWSs with perchlorate detections under UCMR 1 have decreased.
• The US population potentially exposed to perchlorate in large PWSs with perchlorate detections under UCMR 1 has decreased.
• In other circumstances, of course, conditions could worsen.
As this review has also shown, not only can conditions in the natural world change, but conditions in institutions change as well. Personnel changes and retirements, for example, result in loss of institutional knowledge. Tabulated data summaries may be saved, but laboratory reports, field notes, and related information typically are not preserved.
As a consequence, gathering and interpreting data becomes more challenging over time.
To generalize, the results of this review of perchlorate occurrence in the United States suggest that as part of a longterm regulatory decision-making process, regulatory bodies should periodically re-evaluate the conditions that prompted initiation of the decision-making process. The use of provisional regulations in parallel with data-gathering efforts, as in the European Union example, provides an approach that may increase the likelihood that regulations will remain 'on target' and appropriately address conditions of concern.
Since the rate at which conditions change varies, identification of a general threshold triggering such re-evaluations is not feasible. However, the review of perchlorate occurrence in drinking water in the United States presented in this paper suggests that after the passage of 10 years or more a re-evaluation is warranted.
